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Abstract: Scientific disciplines spanning biology, biochemistry, and biophysics involve the study of 
proteins and their functions. Visualization of protein structures represents a barrier to education and 
research in these disciplines for students who are blind or visually impaired. Here, we present a 
software plugin for readily producing variable-height tactile graphics of proteins using the free 
biomolecular visualization software Visual Molecular Dynamics (VMD) and protein structure data 
that is publicly available through the Protein Data Bank. Our method also supports interactive tactile 
visualization of proteins with VMD on electronic refreshable tactile display devices. Employing our 
method in an academic laboratory has enabled an undergraduate student who is blind to carry out 
research alongside her sighted peers. By making the study of protein structures accessible to students 
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Tactile graphics, 2-dimensional graphics that 
employ raised surfaces to convey non-textual 
information through touch, are a major 
physical medium used in the instruction of 
students who are blind or visually impaired 
(Edman, 1992). Also called relief 
representations, tactile graphics may be used to 
depict images, diagrams, schematics, flow 
charts, maps, or graphs. Along with verbal 
descriptions and tangible 3-dimensional 
models, tactile graphics provide a valuable 
complementary approach for communicating 
visual and topological details of a subject. 
Common methods for generating tactile 
graphics include embossing, vacuum or 
thermoforming, printing layered inks or 
substrates, and printing on specialized papers 
that expand when heated. 
 
Tactile graphics methods based on the 
application of heat to swell or microcapsule 
paper are very popular due to convenience, low 
cost, and quick production (Rowell & Ungar, 
2003; Thompson & Chronicle, 2006). Devices 
designed to produce these graphics include the 
Swell Form Machine, Picture In A Flash, and 
TactPlus. The application of heat to the 
specialized papers causes the regions of an 
image that are darkly shaded to swell, or 
elevate and become tactile (Hashimoto & 
Watanabe, 2016). Darkly shaded regions 
elevate more than lightly shaded regions, such 
that elevation height (typically on the 
millimeter scale) can be tuned by controlling 
shading in a grayscale image. Along with 
textures, variable elevation height can be used 
to encode additional information into tactile 
graphics. Electronic refreshable tactile display 
devices, like the Graphiti, which use arrays of 
pins that raise and lower to show tactile 
graphics, may offer multiple pin heights to 
likewise enrich tactile visualization.  
 
Whatever the medium, conceptually clear 
tactile graphics can be challenging to create 
(Barth, 1982) and are less readily available for 
advanced subject material. Here, we present a 
strategy for generating images of proteins 
using free bimolecular visualization software 
and publicly available protein structure data 
that translate into comprehensible tactile 
graphics when printed with swell or 
microcapsule paper. An example ready-to-
print tactile graphic featuring the protein GB1, 
produced using our method, is included in the 
Appendix. 
 
Protein Structure and Visualization 
Proteins are essential biological molecules 
whose natural functions are governed by their 
3-dimensional shapes (Buxbaum, 2007). The 
shape of a protein is determined by its structure 
and the sensitivity of that structure to the 
surrounding environment (Chothia, 1984). 
Proteins are composed of linear chains of 
amino acids. Each protein has a unique amino 
acid sequence, called its primary structure. The 
primary structure folds locally to produce 
secondary structure elements, such as alpha-
helices and beta-sheets. These elements further 
fold to give rise to the protein’s tertiary 
structure, and ultimately its 3-dimensional 
shape. The shape of a protein is a major factor 
underlying its physical properties and 
interactions with other biological molecules. 
Protein shape can vary with environmental 
conditions, such as temperature, pH, or ionic 
strength, or upon binding of substrates, 
cofactors, or drug compounds. 
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Scientific disciplines spanning biology, 
biochemistry, and biophysics rely on 
knowledge of protein structure to elucidate the 
mechanisms by which proteins carry out their 
functions, as well as to identify strategies by 
which those functions can be improved or 
altered to treat disease and improve human 
health. Protein structure determination is a 
major field of research based on experimental 
techniques including X-ray crystallography, 
nuclear magnetic resonance (NMR) 
spectroscopy, and cryo-electron microscopy 
(Dobson, 2019), and computational techniques 
including molecular modeling and molecular 
dynamics simulations (Goh et al., 2016). The 
many 3-dimensional protein structures that 
have been solved by researchers are 
systematically deposited in and freely 
available for download from the Research 
Collaboratory for Structural Bioinformatics 
(RCSB) Protein Data Bank (Berman et al., 
2000):  https://www.rcsb.org/pdb/ 
 
The investigation of protein structure and 
structure-function relationships often relies 
heavily on molecular visualization. Because 
the atomistic details of protein structures can 
be very difficult to inspect visually, numerous 
abstracted or simplified protein representations 
have been developed to improve visualization 
(Goebel, 2014). For example, the widely 
recognized Ribbon and Cartoon 
representations display only features of the 
protein backbone to illustrate, as clearly as 
possible, the global protein fold. Color 
schemes may further be applied to highlight 
secondary structure elements, such that alpha-
helices, beta-sheets, and other local-fold 
aspects are distinct. Scientific software for 
advanced visualization of proteins and other 
biomolecular structures are readily available. 
For example, Visual Molecular Dynamics 
(VMD) (Humphrey et al., 1996) is a widely 
used, freely available software package for 
biomolecular visualization and analysis: 
https://www.ks.uiuc.edu/Research/vmd/ 
 
TactViz Brings Protein Structure to Tactile 
Graphics 
Visualization of protein structures represents a 
barrier to education and research for students 
who are blind or visually impaired. In remedy, 
we present a plugin for the VMD software to 
support tactile visualization of proteins. The 
plugin introduces representation schemes 
designed to produce variable-height tactile 
graphics, as well as drive interactive 
visualization on electronic refreshable tactile 
display devices. Through the development of 
this plugin, we aim to promote diversity and 
inclusion in STEM education and research by 
improving accessibility of protein structure 




TactViz is a VMD plugin written in the TCL 
programming language. VMD runs on 
Windows, Mac, and Linux operating systems 
and is accessible to individuals who are blind 
or visually impaired through its text console 
interface, which can be used with a screen 
reader or Braille display. TactViz is freely 
available for download from GitHub: 
https://github.com/jodihadden/TactViz/  
 
Loading TactViz into VMD applies a 
representation scheme and display settings that 
have been empirically optimized to produce 
clear tactile graphics of 3-dimensional protein 
structures. The New Cartoon representation 
provides an abstraction of the protein 
backbone that distinctly illustrates alpha-
helices, beta-sheets, and loops in the protein 
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secondary structure. TactViz takes advantage 
of VMD’s native shading capabilities to 
display the protein in grayscale, with the 
shading gradient indicating spatial depth. 
Regions of the structure that are closer to the 
viewer are more darkly shaded, and shading 
decreases with distance from the viewer. In 
keeping with the convention of tactile graphics, 
more darkly shaded regions will become more 
elevated and appear closer to the viewer. The 
sense of depth provided by variable tactile 
elevation height illuminates the 3-dimensional 
nature of the protein structure. Shading of the 
protein updates automatically upon rotation or 
reorientation, allowing inspection from any 
viewing angle. 
To expand accessibility of VMD for 
individuals who are blind or visually impaired, 
as well as simplify usage for non-experts, 
TactViz also includes shortcuts for common 
actions, which can be executed through the text 
console. For example, commands for loading 
Figure 1. Approaches for visualization of protein structures. (a) 3-dimensional printed model. (b) computer 
rendering with depth-based shading by TactViz. (c) Variable-height tactile graphic produced by TactViz, printed 
using Picture In A Flash machine. (d) Variable-height tactile visualization using VMD with TactViz on the 
Graphiti electronic refreshable tactile graphics display. 
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or deleting Protein Data Bank files, zooming in 
on or rotating the structure, toggling the 
projection mode between perspective and 
orthographic, rendering an image that can be 
printed as a tactile graphic, and rendering a 
stereolithography (STL) file that can be used 
for printing a 3-dimensional model are 
currently implemented. Commands are also 
implemented for adjusting the shading contrast 
and intensity in order to optimize the results 
produced by every individual’s available 
tactile graphics machine. TactViz is under 
active development and new features will 
continue to be added. 
RESULTS AND DISCUSSION 
TactViz supports tactile visualization of 
proteins. Along with 3-dimensional printed 
models, variable-height tactile graphics 
produced using TactViz enable individuals 
who are blind or visually impaired to 
conceptualize and analyze protein structures 
through the sense of touch. Figure 1 shows four 
different approaches for visualization of the 
protein GB1, including a 3-dimensional 
printed model, a computer rendering produced 
using TactViz, a tactile graphic produced using 
TactViz, and tactile visualization on an 
electronic refreshable tactile graphics display, 
also powered by VMD with TactViz. The 
depth-based shading applied by TactViz 
translates to elevation height in tactile 
visualization to illuminate the 3-dimensional 
nature of the protein structure. A ready-to-print 
tactile graphic of the protein GB1 [PDB ID 
2QMT (Schmidt et al., 2007)], produced using 
TactViz, is presented in the Appendix. 
  
Through the development of TactViz, we have 
enabled an undergraduate student who is blind 
to carry out publication-quality research on 
protein structure and structure-function 
relationships alongside her sighted peers, 
within the setting of an academic laboratory. 
The student’s own experience and perspective 
captures the effectiveness and impact of our 
tactile visualization strategy: 
 
“By using TactViz in conjunction with the 
Graphiti, tactile graphics, and 3-dimensional 
printed models, I have found that the process 
of research and data analysis is possible with 
minimal sighted assistance. Particularly 
advantageous is the text-based command line 
of the Linux operating system and VMD text 
console, which allow for easy use of TactViz 
with a screen reader and Braille display. While 
sighted researchers might visualize a protein 
on a computer screen, I can now perform 
visualization using tactile approaches. 
Previously, as a student who is blind, if I was 
curious about how a particular protein structure 
looked, I would likely need to ask a sighted 
teacher or transcriber to describe the protein or 
help me find a way to make a tactile 
representation. With TactViz, I can download 
any protein from the Protein Data Bank, load it 
into VMD, and use either a tactile graphics 
printer or tactile graphics display to 
independently visualize the protein. 
Independence is critical, particularly for young 
scientists who are blind who are looking for 
ways to participate in STEM fields. Most 
important is the impact our tactile visualization 
method can have for other students who are 
blind or visually impaired who are studying the 
biological sciences, whether at the elementary 
or advanced level.” 
 
SUMMARY 
We have developed TactViz, a VMD plugin to 
support tactile visualization of proteins, 
providing a mechanism to produce variable-
height tactile graphics of protein structures and 
improve interactive visualization of protein 
structures on electronic refreshable tactile 
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graphics display devices. This tool is freely 
available for download and use and is designed 
to be accessible to both non-experts and 
individuals who are blind or visually impaired. 
Because the plugin can theoretically be used to 
create tactile graphics of any protein structure 
in the Protein Data Bank, it provides 
unprecedented access to tactile training 
materials relevant to the fields of biology, 
biochemistry, and biophysics. Furthermore, 
TactViz has enabled our undergraduate student 
who is blind to carry out research on protein 
structure-function relationships alongside her 
sighted peers. We hope that the tool can serve 
to reduce barriers to education and research 
presented by biomolecular visualization for 
other students, attracting more individuals who 
are blind or visually impaired to STEM fields 
and empowering future scientists who do not 
depend on the sense of sight. 
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This graphic of the protein GB1, rendered by 
VMD with TactViz, displays an alpha-helix in 
the foreground and four beta-sheets in the 
background. Alpha-helices and beta-sheets are 
major secondary structure elements in proteins. 
The shape of a protein, defined by its 
secondary structure and fold, plays an 
important role in the protein’s function in 
nature. 
 
